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ABSTRACT
The thesis entitled “Novel solvents and chiral electrophiles in Baylis-Hillman Reaction and versatile synthetic protocols for C-C linked Disaccharides and 3-Deoxy sugars” is divided as two chapters.
CHAPTER I: Use of Novel solvents and chiral electrophiles for facile Baylis-Hillman Reaction
This chapter is divided into two sections.
Section A: Use of Novel aprotic solvents in Baylis-Hillman reaction 
This section deals with the use of novel aprotic polar solvents like sulpholane, the N-methyl- morpholine and N-methyl-2-pyrrolidone in Baylis-Hillman reaction.
This section is further divided into two parts.
Part-I: Sulpholane as the aprotic polar solvent in Baylis-Hillman Reaction
The Baylis-Hillman reaction1-5 is an emerging carbon-carbon bond forming reaction between a carbonyl compound and an activated alkene under the influence of a suitable catalyst typically a tertiary amine or phosphine. However, the reaction has traditionally suffered from low reaction rates and limited substrate scope. There has, therefore, been considerable interest in enhancing reaction rate as through this endeavor both practicality and scope can be improved. Notable among the disadvantages of this important atom economic reaction are (1) slow reaction rates (2) low to moderate yields (especially when acrylic esters (or) acrylonitriles are used as Michael acceptors because of undesired hydrolysis in aqueous media) and (3) unavailability of ‘Universal solvent’ system or a base compatible with all electrophiles and activated olefins. Consequently, there have been attempts to overcome these limitations and accelerate the reaction to reasonable levels for wider use. 
We describe the use of commercially available sulpholane as a new solvent for the Baylis-Hillman reaction (Scheme 1). The rate-determining step (RDS) of the Baylis-Hillman reaction is the reaction between the ammonium enolate and aldehyde. Thus, increasing the amount of the enolate or activation of the aldehyde will result in increased rates. Sulpholane, an aprotic polar solvent was chosen for study since polar solvents are known to increase the equilibrium constant of the zwitterionic intermediate formed during Baylis-Hillman reactions. This study also discloses its influence on the improvement of the rate of reaction and yields of the resulting adducts.
 




Initially, the Baylis-Hillman reaction between 4-nitro benzaldehyde 1 and ethyl acrylate 9 in sulpholane was carried out to give 1a (entry 1, Table 1) in the presence of different bases such as NMM (N-methyl morpholine), imidazole, Hunig's base, DBU, DMAP, Urotropine and DABCO in order to find the best basic catalyst compatible with the new solvent. DABCO was found to be an appropriate base and hence was used as the standard in all further reactions. 
In a further study to ascertain the utility of sulpholane as a solvent for Baylis-Hillman reaction, in addition to ethyl acrylate, a variety of Michael acceptors such as methyl vinyl ketone 10, acrylonotrile 11, acrylamide 12 and sugar acrylate 13 were subjected to reaction with 1 in the presence of DABCO (50 mol%) at room temperature to furnish the corresponding adducts 1b, 1c, 1d and 1e in good yields (entry 2, 3, 4 and 5 in Table 1). 
The versatility of sulpholane as a solvent for Baylis-Hillman reactions was further strengthened when a variety of aldehydes such as benzaldehyde 2, 2-chloro-benzaldehyde 3, 4-fluorobenzaldehyde 4, heteroaryl aldehyde 5, acetylenic aldehyde 6, hexanal 7, and the sugar-derived aldehyde 8 were allowed to react with various Michael acceptors 9, 10, 11, 12 and 13 at room temperature to give the adducts 2a-c, 3a, 4a (entry 6-10 in Table 1), 5a-c, 6a-b,6 7a-c and 8a-b (entry 11-20 in Table 2) respectively, in good to excellent yields. It is noteworthy to mention that the sugar derived aldehyde 8 in sulpholane reacted with 9 and 10 to give adducts 8a7 and 8b, respectively (entries 19 and 20 in Table 2) in short reaction times with moderate diastereoselectivity.
The rate of reaction of aldehydes 3 and 4 and the yields of the products were found to be much higher in sulpholane than in an aqueous medium.8 Moreover, hydrolysis of the acrylate was avoided by the use of sulpholane and hence good to high yields of the corresponding products 2a-8a (see Table 1 and 2) were obtained.

 
In conclusion, the use of sulpholane as a new solvent for the Baylis-Hillman reactions is demonstrated for the first time. A variety of olefins and aldehydes reacted in sulpholane catalyzed by DABCO in shorter reaction times with good to high yields of the products without the need of any co-catalyst.
Part-II: N-methyl-2-pyrrolidone and N-methylmorpholine as aprotic polar solvents in Baylis-Hillman reaction. 
In previous part, although sulpholane proved to be a good solvent with respect to yields and reaction times, there was always a limitation associated. Owing to its high boiling point the work up and purification were always problematic. To overcome these limitations N-methyl-2-pyrrolidone (NMP)9 and N-methylmorpholine (NMM)10 were explored. Reactions of NMP and NMM were carried out to give 1a in presence of different bases in order to find the appropriate base catalyst with the selected solvents. Consequently, DABCO was found to be the standard base and elected for use in all further reactions.
Initially, to test the versatility of N-methyl-2-pyrrolidone as a solvent for Baylis-Hillman reactions, a variety of Michael acceptors such as ethyl acrylate 9, acrylonitrile 11 and 1-cyclohexenone 14 were subjected to reaction with 1 in the presence of DABCO (50%) at room temperature to furnish the corresponding adducts 1a, 1c and 1f in good yields (entry 1, 2 and 4 Table 3).
In further study, a variety of aldehydes such as  benzaldehyde 2, 2-chloro-benzaldehyde 3, 4-fluorobenzaldehyde 4, heteroaryl aldehyde 5 and hexanal 7, were allowed to react with various Michael acceptors 9, 11, and 14 at room temperature to give the adducts 2a, 2c, 2f, 3a, 4a, 5a, 5c, 5f and 7a  respectively, in yields 56%-90% (see entries 5, 6, 8 of Table 3 and entries 9-12, 14 and 15 of Table 4).
A poor Michael acceptor, acrylamide 7 did not undergo Baylis-Hillman reaction with other aldehydes except 1, under the standard base catalyzed reaction conditions in sulpholane.11 However, recent reports employing DABCO in aqueous condition6​​ (or) protic solvent (MeOH) under the influence of microwave12​​​​​​ (or) novel base13 resulted in moderate to high yields of adducts with acrylamide, but only with selected aldehydes. N-Methylmorpholine is commercially available solvent with many other uses.10 Reaction of acryl amide with aldehydes (2, 5, 7, 14-18) in N-methylmorpholine as solvent catalyzed by standard base (DABCO) at room temperature is conceived as an attractive proposition. NMM is used since it is expected to 1) increase the basicity of the reaction medium thus augmenting efficiency of  DABCO for a facile Michael addition onto acrylamide and 2) enhance the intermolecular charge-dipole interactions between solvent (itself) and ‘Zwitterions’, stabilizing the intermediate. 
Intially, the Baylis-Hillman reaction 1 (entry 3, Table 3) with acrylamide 12 in N-methylmorpholine, in 100 mol% DABCO, at room temperature gave the adduct 1d in 91% yield. In a further study to ascertain the utility of NMM as a solvent for Baylis-Hillman reactions, a variety of aryl aldehydes such as benzaldehyde 2, 3-pyridine carboxyaldehyde 5, 4-chlorobenzaldehyde 15 and 2-furfuraldehyde 16 were subjected to reaction with acrylamide at room temperature to furnish the corresponding adducts 2d (entry 7 in Table 3), 5d (entry 13, Table 4), 15d and 16d (entry 18, entry 19 in Table 5) in good yields.
The versatility of NMM as a solvent for Baylis-Hillman reaction of acrylamide was further demonstrated when a variety of less reactive aldehydes such as hexanal 7, formaldehyde 17 and the chiral aldehyde 18, were successfully made to react with acryl amide at room temperature to give the adducts 7d (entry 16, Table 4), 17d and 18d (entry 20, 21 in Table 5) respectively in moderate yields (40-59% and 55%, 30% de). 4-chloro benzaldehyde 15 (entry 17, Table 5), R-glyceraldehyde 19 (entry 22, Table 5) apart from 4-nitrobenzaldehyde 1, underwent coupling reaction with ethyl acrylate 9 under these reaction conditions.
In conclusion, commercially available aprotic polar organic solvents are introduced as alternate solvents for the facile Baylis-Hillman reaction catalyzed by the standard base in order to widen the scope of this reaction towards all kind of aldehydes and alkenes including acryl amide, a hitherto less preferred Michael acceptor, which underwent Baylis-Hillman reaction with various aldehydes in organic solvent for the first time. Thus, the present reaction conditions are amenable for easy scale up, chance for solvent recovery and wide application; since 1) the substrate scope is widened, as many of the aldehydes and alkenes are compatible when run in these solvents, 2) achieved accelerated reaction rates achieved and 3) yields are improved. 




Section B: Asymmetric Baylis-Hillman reaction using sugar-derived aldehydes as chiral electrophiles
This section deals with the use of sugar derived aldehydes7 as chiral electrophiles in Baylis-Hillman reaction. 
Initially, (3aS,5S,6R,6aS)-6-hydroxy-2,2-dimethyl perhydro-furo[2,3-d][1,3] di-oxole-5-carbaldehyde14 1 was chosen for study. The Baylis-Hillman reaction of 1 with ethyl acrylate 6 was carried out in different solvent systems and the rate and yield of the reaction were found to be optimum in sulpholane11a, 11b in presence of 100 mol% of DABCO. The reaction was completed in 15 h to afford the adduct 1a with 70% of yield, 40% de. 










In a further study 1 with acrylonitrile in sulpholane gave the adduct 1b in 80% yield. Then these reaction conditions were extended to other sugar aldehydes 2-5 and activated alkenes 6, 7 to afford the corresponding adducts 2a-5a and 2b-5b (Scheme 1) in 60-85% yield and in moderate to good diastereoselectivities (40 - >95% de see Table 1).

 












Determination of de of adducts and absolute stereochemistry of major isomer
The diastereomeric excess (de) of all adducts (40-95%) was determined from 1H NMR.  The diastereomeric excess for adducts 1a, 1b, 2a and 2b was determined from their 1H NMR spectra by relative integration of the separable protons. For instance, one of the olefinic protons for 1a resonated at δ 5.96 integrating for 0.7H and another at δ 6.01 integrating for 0.3H, while the other olefinic proton appeared at δ 6.35 integrating for 0.7H and at δ 6.40 integrating for 0.3H. The de was thus calculated as 54%. Similarly 1b also revealed separable olefinic protons whose integral values gave de as 76%. The de for 2a and 2b was also read from the 1H NMR as 60 and 76% respectively. Similar analogy was adopted for evaluating the diastereomeric excess for adducts 3a, 3b, 4a and 4b (Table 1, Figure 1). Interestingly the adducts 5a and 5b showed high de’s since the 1H NMR did not show any separable proton and hence concluded the presence of a single isomer. Though the diastereomeric excess could not be deduced for the adducts 3a, 3b and 4a, 4b through their 1H NMR which revealed the merger of the allylic proton the diastereoselectivities, as mentioned against each of them in the Table 1, were identified from the separable olefinic protons in their 1H NMR for these adducts.
The absolute stereochemistry of major and minor isomers was unambiguously assigned based on the vicinal coupling. For aldehyde 1 obtained from D-sugar, the Baylis-Hillman reaction was conducted at the C-5 site adjacent to C-4, and their respective major adducts exhibited larger vicinal coupling constants (J), hence it could be concluded that the new stereocenter as (S) (threo relationship between C-4 and C-5) from all the aldehydes derived from D-sugars. The opposite is true when the aldehyde was derived from the L-sugar. More explicitly, aldehyde 2, an L-sugar–derived aldehyde, is the enantiomer of 1 and the newly created stereocenter of the major isomer can be assigned as (R) by correlation. The []D values corroborate the prediction. In compound 1a and 1b the obtained stereoselectivity can be clearly explained by non-chelation control Felkin-Ahn model.15
Further, to ascertain the absolute stereochemistry of the adducts, 4a and 5a was converted into the corresponding cyclic adducts by a two-step sequence, because cyclic derivative would be an appropriate substrate for the NMR studies (Scheme 2). 













Further support for the proposed structures 9, 10 and 1216 came from 2D-NOESY experiments and the energy minimized structure obtained by molecular mechanics calculation agreed with the experimental data.
The observed stereo selectivity of adducts 4a, 4b can also be explained by the favourable attack of carbanion from the the si-face of the sugar aldehyde leading to the (S)-isomer as the major product at the newly created stereocenter according to the Felkin-Ahn model15 by a non-chelation protocol.The newly created stereogenic centre in the major isomers for adducts 3a, 3b was assigned (S) based on analogy (Felkin-Ahn model).
In conclusion, a DABCO catalyzed Baylis-Hillman reaction of sugar-derived al- dehydes, the yields and rate of reaction were slightly improved upon using sulpholane as a solvent. Diastereomeric excess of the order of 40- >95% were achieved for the adducts. D and L-arabinose were utilized and the ensuing adducts were enantiomeric (major) to each other. The isopropylidene groups and their stereochemical disposition played a decisive role in diastereoselection to enhance the de’s as observed in the case of L-arabinose, D-ribose-1-carboxylaldehyde and D-mannose-1-carboxylaldehyde.

CHAPTER II: RCM protocol for the synthesis of C-C linked Disaccharides
 This chapter is divided into three sections.
Section A: Stereoselective synthesis of C3-C5-linked deoxy disaccharide via a Ring Closing Metathesis protocol
This section deals with the stereoselective synthesis of new deoxy disaccharide, C3-C6 linked deoxy disachharide via RCM approach.
	In this section, Ring Closing Metathesis (RCM)17 mediated carbon-carbon bond formation for the introduction of an olefinic double bond, from which, the building of a C3-C5 linked 3-deoxy disaccharide system is discussed. In continuation with our interest on the synthesis of various bioactive compounds, deoxy  spiro C-disaccharides, as well as new glycolsubstances,18 it was next aimed at the synthesis of C3-C5 linked 3-deoxy disaccharide system 1.
In the present study, the retrosynthetic analysis (Scheme 1) revealed that C3-C6  linked 









disaccharides could be achieved from bis-olefin 2 by using RCM stategy which in turn could be obtained from the corresponding homoallylic alcohol 3, compound 3 could be made from aldehyde 4. Further 4 could be achieved from one carbon wittig olefin 5. Further compound 5 is envisioned to obtain from ketone 6, which could be derived from D (+) xylose 7.
RCM on chirons 6 was efficiently adopted to produce the disaccharides 1 (Scheme 2). Compound 6 prepared from D-(+) xylose was treated with one carbon wittig salt and n-BuLi in dry THF at -10o C to give the known olefin19 5, which on reduction with Borane-DMS in dry THF at 0 oC gave alcohol as mixure of isomers 10a and 10b (8.5:1.5), which on purification of the major isomer 10a and its subsequent oxidation with IBX in DMSO gave aldehyde 4. Treatment of 4 under Barbier reaction condition20 with allyl bromide in the presence of activated Zn, in THF aq. NH4Cl solution at 0 oC gave the homoallylic alcohol 3. The anti-stereoselective formation of 3 was explained by chelation control approach.21 The homoallylic alcohol 3 was treated with acryloyl chloride and triethyl amine in CH2Cl2 to afford ester 2. Thus the obtained bis olefin 2 was subjected to ring-closing metathesis with Grubb’s first generation catalyst18 [bis(tricyclohexylphosphine)benzylidineruthenium (IV) chloride] in CH2Cl2 to afford  11. Cis-dihydroxylation22 reaction of enone 11 with OsO4 and NMO in acetone:water (3:1) at room temperature gave diol 12, which on reaction with 2, 2'–dimethoxy propane and PTSA afforded C(3)–C(6) linked-3-deoxy-O-disaccharide 1.

















Further support for the proposed structure 1 came from 2D-NOESY experiments.  The six membered lactone ring in compound 1 exists in boat conformation. Further, the energy minimized structure obtained by molecular mechanics calculation agreed with the experimental data.
 Thus, RCM mediated construction of unsaturated dihydropyranone rings from bis-olefins, to furnish rare sugar moieties would be of immense utility for the construction of new glycosubstances, which would find biological applications.
In conclusion, a simple synthetic route was established for the facile access to 3-C-branched deoxydisaccharide mimetics.

Section B: Stereoselective synthesis of C3-C5-linked deoxy aza disaccharide mimet-ics via a Ring Closing Metathesis.
This section deals with the stereoselective synthesis of a new aza-C-disaccharide via Ring Closing Metathesis.
As part of our ongoing study on the design and preparation of oligosaccharide analogues, we were interested in synthesizing a new aza-C-disaccharide analogue following novel synthetic procedures developed in our laboratories. These methodologies were found to be general and applicable for synthesizing large pool of structurally and stereochemically diverse aza-C-disaccharides. Thus, RCM protocol was extended to the synthesis of C-linked 3-deoxy aza disaccharides.  .
Retrosynthetic analysis (Scheme 1) revealed that C3-C6 linked aza disaccharide 1 obtained from six membered lactone 2, which is in turn obtained from bis-olefin 4 by using RCM statagy. Bis-olefin 4 could be obtained from 5, which is envisaged from    










homoallylic alcohol 3, which in turn is prepared from D-(+)  xylose 7 as described in  pr-                   
evious section of this chapter.
In previous section we have prepared the homo allylic alcohol 3 is used as a starting material for the synthesis of 3-deoxy aza disachharide (Scheme 2). Consequently, 
homo allylic alcohol 3 (Scheme 2) was treated with methanesulphonyl chloride and
















triethyl amine in CH2Cl2 to afford the 6, which on reacting with sodium azide in dry DMF at 0 oC  gave the azide 8 and on subsequent reduction with LAH in dry THF afforded 9 and the protection of  amine functionality with benzyl bromide and NaH in THF furnished 5. Treatment of 5 with acryloyl chloride and triethyl amine afforded amide 4. The bis-olefin 4 was subjected to reaction RCM with Grubb’s first generation catalyst in CH2Cl2 at room temperature to afford 2; compound 2 on cis-dihydroxylaton (OsO4, NMO in acetone:H2O 3:1) gave diol 10, which subsequently on reaction with 2, 
2'-dimethoxy propane and PTSA provided C(3)-C(6) linked 3-deoxy aza disaccharide 1.
Further support for the proposed structure 1 came from 2D-NOESY experiments and the energy minimized structure obtained by molecular mechanics calculation agreed with the experimental data. The six membered ring in compound 1 exists in twist boat conformation.
Thus, a simple and efficient synthesis of carbon linked 3-deoxy aza disaccharide 1 
has been achieved via RCM protocol on the sugar derived bis-olefinic systems that would be of immense interest as new saccharides for bio-evaluation.

Section C: Synthesis of 3-deoxy sugars through a sequential Baylis-Hillman reaction Lewis-acid catalyzed reaction sequence.
This section deals with the synthesis of 3-deoxy sugars via a sequential Baylis-Hillman reaction and Lewis-acid catalyzed reaction sequence.
	Carbohydrates are highly abundant biomolecules found in nature. A number of unusual sugars that have certain hydroxyl groups replaced by hydrogen, an amino group, or an alkyl side chain, also called deoxysugars, play crucial roles in determining the biological activity of the parent natural products in bacterial lipopolysaccharides or secondary metabolite antibiotics.
In the quest of synthesizing unnatural 3-deoxy sugars, various synthetic strategies were taken up by several research groups. Because of the pharmaceutical importance, the preparation of deoxy sugars has become an important field in synthetic organic chemistry. The number of carbohydrates available as suitable starting materials is rather restricted so that lengthy syntheses are required to selectively remove hydroxyl groups or to switch from the D- into L-series or vice versa. These drawbacks can be overcome by total synthesis approaches using flexible methodologies that allow a high degree of stereoselection. Classical synthesis of 3-deoxy sugars bank either on the deoxy generation strategy or β-elimination followed by catalytic hydrogenation protocol.
In this section we discussed the synthesis of 3-deoxy sugars 3b and 4b (Scheme 1) in both D- and L- forms as exclusive products (de > 95%) in high yields through a sequential Baylis-Hillman reaction and Lewis-acid catalyzed reaction sequence in the Baylis-Hillman adducts.




Initially, when 2,3-O-isopropylidene-1-O-methyl-β-D-ribo-pentodialdo-1,4-furan- ose 1 (Scheme 2) treated with ethyl acrylate 5 in 1,4-dioxane:H2O (1:1) in presence of





DABCO at room temperature afforded divinyl carbinol 1a (64%) through an in situ generated enal. We rationalized the product formation by the fact that the 2,3-isopropylidene group behaved as a leaving group to render the product, primarily due to the syn-relation of the functional group at C3 and H4. 
	Conversely, 2,3-O-isopropylidene-1-O-methyl-α-D-lyxo-pentodialdo-1,4-furanose 2 (Scheme 3) in our previous study7, 11b, 23 resulted in the normal adduct as the lone product. This result substantiates the fact that the stereochemical relation of the groups at C3 and H4 will indeed play a definite role affording either a divinyl carbinol or the normal Baylis-Hillman adduct as product 2a.






After having established such a probability during the Baylis-Hillman reaction, it was extended to other sugar derived aldehydes 3 and 4 (Scheme 4) treated with ethyl acrylate 5 to afford divinyl carbinol 3a (80%, 36% de) and 4a ( 86%, 36% de). Thus, this kind of conversion is a general process with substrates suitably substituted with anti-stereochemistry at the 3-position with respect to the aldehyde functionality.












Thus the presence of two chemically distinctive double bonds in 3a and 4a will 
provide an ample opportunity to discriminate one from another namely; the acid 









susceptible enolic double bond and the Michael addition prone active olefin. With a hope to extend the utility of divinyl carbinols we expected a Nazarov cyclization with the oxidized form of 3a and 4a. All the attempts to obtain the divinyl ketones by the oxidation of 3a and 4a resulted in the corresponding unstable ketones. Thus, we investigated the fate of compounds 3a and 4a themselves under Nazarov cyclization conditions and compounds 3a and 4a were treated with AlCl3 or ZrCl4 in CH2Cl2 5 min at room temperature, underwent a hydride shift to afford 3b and 4b (Scheme 5) as exclusive products in 85% and 90% yield.
Analogously, 4a gave 4b as an exclusive isomer under the same reaction conditions. Thus a D-sugar derivative 4 is transformed into an L-sugar derivative 4b. Interestingly, 3b and 4b are enantiomeric 3-deoxy sugars.
The absolute stereochemistry at the newly created site (C4) in 3b and 4b  was determined by a thorough NMR study.	
In conclusion, it is demonstrated that an aldehyde carrying a rightly positioned leaving group when subjected to the DABCO catalyzed Baylis-Hillman reaction resulted in divinyl carbinols which upon exposure to Lewis-acid afforded the corresponding 3-deoxy sugar as exclusive isomers in high yields wherein the stereochemistry at C4 was dictated by the stereochemistry of the acetonide functionality in the substrate, α-acetonide facilitates H4 to be α- and vice versa. Interestingly, a rare 3-deoxy-L-sugar 4b was also accessed by this protocol as an enantiomer of 5b. Also, these products would serve as valuable components in the synthesis of sugar-modified nucleosides.
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